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ABSTRACT

A STATISTICAL ANALYSIS OF SMOKE TRAIL VELOCITY PROFILES AND BALLOON VELOCITY

PROFILES HAS BEEN CARRIED OUT TO EVALUATE AND REMOVE THEIR INHERENT NOISE

CONTENT. THE DAY-TO-DAY VARIASILITY IN THE PROBABILITY OF EXCEEDING CRITICAL

DuEAl VAS EVALUATED. THE CORONA ANEMOMETER DATA NAB CONPARED 111TH THE MUCH

LARGER DATA-BASE Of SMOKE TRAIL DATA. ALTHOUSN THE CORONA ANENOMETER SHOVED A

HISNER PROBABILITY OF TURBULENCE, IT VAS VITHIN THE VARIABILIT EXPECTED FROM

TUE SMOKE TRAIL ANALYSIS. IT 1S WHUN THAT THE DIFFUSION INTEGRAL UHICN LEADS

TO THE DIFFUSION COEFFICIENT IS VERY SENSITITIVE TO THE VARIABILITY IN

TURBULENT OCCURENCE PROBABILITIES.
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INTRODUCTION

THE OCCURENCE OF TURBULENCE IN THE PREDOMINANTLY-LAMINAR STRATOSPHERE IS

"MPORTANT 7IN EFININS MODELS FOR DISPERSAL OF STRATOSPHERIC POLLUTANTS AND FOR

SCATTERINS OF EN NAVES SUCH AS LASER BEAMS. S7ATISTICA. ESTIMATES OF FREQUENCY

OF OCCURRENCE OF VERTICAL SHEARS IN THE HORIZONTAL HIND SUFFICIENTLY HIGH TO

CAUSE TURBULENCE HAVE BEEN MADE FROM GROUND-SASED OBSERVATION OF SHOKE TRAILS

RELEASED FROM ROCKETS AND FROM BALLOON-BORNE SENSORS SUCH AS THE CORONA

ANEMOMETER DEVELOPED AND FLOUN BY AF5L SCIENTISTS. THE PRESENT STUDY COMPARES

RESULTS FRON tE TVO TYPES OF MEASUREMENTS UITN PARTICULAR ATTENTION TO THE

APPROPRIATE STATISTICAL TREATNENT OF TE ORISINAL DATA AND AN ESTIMATE OF TNE

VARIABILITY OF RESULTINI INPUTS TO ATMOSPNERIC MODELS.

DACKSROUND

EARLIER REPORTS BY AfOL SCIENTISTS (AEF I) KSCRIDED PROCESSINS OF 200 SMOKE

TRAILS MADE BY NASA SCIENTISTS. THE CORONAN (CORONA ANEMOMETER) PROFILES

OBTAINED IN AFOL EXPERIMENTS MEl DESCRIBED IN A FINAL REPORT (REF 2) UNDER OUR

PREVIOUS CONTRACT. THE PRESENT STUDT REVIEWS TIE DATA TREATMENT NADE IN THE

EARLIER REPORTS AND REPORTS 81011fICANTLI-DIFFERENT CONCLUSIONS OBTAINED DT

FURTNER STATISTICAL CONSIDERATIONS.



DATA SOURCES

THE IMTA SOURCES AE DESCRIBED IN REF I AND REF 2. TE 200 NASA SMOKE TRAILS

ERE TAEN RANDOMLY 1ITH RESPECT TO TINE AND SEASON. ALL WERE TAKEN DURING

DAYLIONT HOURS AND ONLY UNDER CLOUD-FREE CONDITIONS. THE AFOL BALLOON FLIGHT

ANALYSED HAS TAKEN IN APRIL 1977 FROM 0500 TO 1400 LOCAL TINE. THEREFORE NO

INFERENCE CAN BE MADE AS TO STATISTICS WHICN RELATE TO DISTURBED WEATHER OR

DIURNAL EFFECTS.

TNE NASA SMOKE PROFILES MERE AVAILABLE AS II1TAL TAPES, REPORTED AS NORTH AND

EAST VELOCITY COMPONENTS TO 0.1 M/S AT VERTICAL SPACING OF 25 METERS. NO

ACCURACY ESTIMATES WERE AVAILADLE ON THE MEASU:RFMENTS

THE AFUL CORONAM PROFILES YERE AVAILABLE ON DIGITAL TAPES UHICH REPORT AT

10-SECOND INTERVALS. REPORTING PRECISION IS NOT AN ACCURACY ESTIMATE.

1. 6MT TIME TO I SECOND
2. RADAR BALLOON POSITION TO I METER IN NORTH, EAST, AND ALTITUDE.
3. CORONAM VELOCITY (RELATIVE TO BALLOON) TO 0.1 M/S AN) DIRECTION TO 0.1 DEGREE.
4. TEMPERATURE AND PRESSURE.

THE SMOKE TRAILS WERE REPORTED SETUEEN 5 AND 20 KM AND THE CORONAN FLIHT

CONTAINED 5 UP OR DOUR 'LEGS' BETWEEN 17 AND 25 Kh ALTITUDE.

TNE NASA SMOKE PROFILES HERE DIRECTLY AVAILABLE AS EAST AND NORTH VELOCITY

COMPONENTS. IN THE PRESENT STUDY, 75 SMOKE TRAILS MERE USED WITH THE ANALYSIS

BEING MADE ON SEPARATE SEMENTS BETWEEN I AND 13 Kh (CONSIDERED TROPOSPHERIC)

AND BETWEEN 13 AND 10 KM (CONSIDERED STRATOSPHERIC). SINCE NO TEMPERATURE DATA

HAS AVAILABLE, TEMPERATURE PROFILES HERE TAKEN AS US STANDARD ATMOSPHERE

VALUES. VALUES OF TEMPERATURE AND GRADIENT OF -6.5 DES/KM IN THE TROPOSPHERE

AND 0 BEG/KM IN THE STRATOSPHERE LED TO CRITICAL SHEARS FOR TURBULENCE OF 22

N/S/KM AND 45 N/S/KM RESPECTIVELY.



TUE PROCESSING i7 CONVERT COROiAN DA7A TO EAST AND NOTN VELOCITY COMPONENTS AT

-O NETE VERTICAL -SPACINI HAS EU[nDIECRISEI iN REF 2. TENPERATURE PROiLEs

WERE AVAILABLE S0 LOCAL VALUES OF CRITICAL SEAR COULD KF COMPUTED AND THE

LICAL SHEAR RELATED TO TNIS VALUE RATNER TO A STANDARD VALUE. IT SHOULD E

NOTED 1TI THE LOCAL TENPERATURE PROFILE SMOVED A DOUDLE NAXINUM AND A RANGE OF

CRITICAL SHEARS DETWEEN 35 AND 55 N/S/KU, STRADDLING THE STANDARD ATOOSPHERE

VALUE OF 45 R/S/KM.

THUS LOCAL VELOCITY COMPONENTS AND LOCAL CRITICAL SHEAR VALUES WERE AVAILADLE

FOR BOTH SETS OF DATA FOR FURTHER PROCESSING.

ABOUT 10000 POINTS MERE AVAILABLE FROM 5 SMOKE TRAILS AVAILABLE AT

STRATOSPHERIC ALTITUDES. THE CORONAN PROFILES CONTAINED ABOUT 1000 POINTS ANON6

THE 5 LESS UHICH MERE CONSIDERED AS SEPARATE 'TRAILS'.

iA



DATA PROCESSING

THE RELEVANT ,t'*1ADLE FOR TURBULENCE IS THE RATIO OF THE LOCAL VERTICAL SHEAR

OF THE HORIZONTAL VELOCITY TO THE LOCAL CRITICAL SHEAR.

CRITICAL SHEAR IS DEFINED (REF 1) IN RECIPROCAL SECONDS AS

CRIT SHEAR a 2. * GRAY/TEMP * CDTDZ - DTDZ ADIA13

IT IS CONVENIENT TO EXPRESS THIS IN UNITS OF NET/SEC/KM a 1000* THE ABOVE

VALUE. CRITICAL SHEARS RANGE FROM 20 N/S/KM IN THE TROPOSPHERE TO 50 N/S/KN IN

THE STRATOSPHERE, DEPENDING ON LOCAL TEMPERATURE GRADIENT.

SINCE THE PRIMARY DATA IS EXPRESSED AS VELOCITYA AND SHEAR IS THE DIEFEREOJi

BETWEEN VELOCITY VALUES, AN IMPORTANT PROBLEM IS TO RELATE TO THE I#HEREN1

NOISE CONTENT RELATIVE 10 SIGNAL. THE AVERAGE RfS DIFFERENCE BETUEEN ADJACENT

POINTS SEPARATED DY 20-25 METERS VAS ADOUT 0.6 IS. SPATIAL FREQUENCY ANALYSIS

DY FOURIER TRANSFORM SHOVED A VELOCITY RNS AMPLITUDE OF 3 M/S AT THE NYGUIST

FREQUENCY (CORRESPONDIN8 TO A SPATIAL UAVELEN6TN OF 40-50 METERS). A LARGE

FRACTION OF THIS AMPLITUDE IS THEREFORE A RANDOM VELOCITY ERROR UHICH IS

PRESENT AT ALL SPATIAL FREQUENCIES. REDUCTION OF THIS NOISE CONTENT CAN DE

ATTEMPTED BY ONE OF THREE FILTERS

1. ASSUME THAT THE AVERAGE ENEROY CONTENT AT NEAR-NYOUIST FREQUENCIES IS UHTE

NOISE. REMOVE THIS ESTIMATED NOISE ENERS1 FROM ALL FREIUENCIES. BACK TRANSFORM

TO MBAIN A FILTERED VELOCITY PROFILE.

2. ESTABLISH THE POVER DEPENDENCE OF AMPLITUDE VS SPATIAL FREQUENCY FROM

LOVER-FRESUENCY AMPLITUDES; AND RESTRICT NIOH FREOUENCY AMPLITUDES NOT TO

EXCEED THE POVER LAU. RETRAUSFORN TO A FILTERED VELOCITY PROFILE.

3. eFfLY A SNOOTHINO FUNCTION TO THE ORISINAL VELOCITY PROFILE TO REDUCE THE

HION-FREIUENCT CONTENT, DIRECTLY PROVIDING A FILTERED VELOCITY PROFILE.



ALL THREE FILIltRS REDUCE THE VELOCITY DIFFERENCES BETUEEN ADJACENT POINTS, AND

HAVE A MALLER EFFECT O DIFFERENCES DETMEEN POINTS WITH HIGNER SEPARATIONS.

HOMEVERt ALL REDUCE THE NOMINAL RESOLUTION IF 20-25 ETERS TO A POORER

RESOLUTION. THE INS DIFFERENCE DETMEEN ORIGINAL AND FILTERED PROFILES USING ANT

OF THE THREE FILTERS VAS ONLY ABOUT 0.2 M/S ALTHOUGH EACH REDUCED THE NISH

FREQUENCY AMPLITUDE VALUES TEN-FOLD FROM 3 NIS TO 0.3RIG.

A 3-POINT RUNNING AVERASE WAS SELECTED AS THE SIMPLEST FILTER BECAUSE IT MAKES

NO ASSUMPTION OF THE VALIDITY OF THE POVER-LAU DEPENDENCE OR THE WHITE-NOISE

NATURE OF THE VELOCITY ERRORS. AS MILL BE SEEN BELOW FROM GRAPHS OF AMPLITUDE

YS FREQUENCY, NEITHER ASSUMPTION IS VALID FOR A SIMLE TRAIL, ALTHOUGH BOTH HAY

BE VALID TO THE AMPLITUDES AVERAGED OVER A NUMBER OF PROFILES.

BEFORE THIS FILTER WAS APPLIED, A STATISTICAL TEST UAS USED TO REJECT GROSS

OUTLIER POINTS FROM CONSIDERATION. THE 50 PERCENTILE RMS DIFFERENCE BETUEEN

ADJACENT POINTS MAS ABOUT 0.6 MIS AND THE 95 PERCENTILE WAS ABOUT 1.0 M/S. ANY

POINTS HICH SHOVED DIFFERENCES GREATER THAN 2 V/S FROM THEIR ADJACENT

NEIGHBORS MERE TREATED AS GROSS ERRORSt AND IGNORED. TVO TYPES OF OUTLIERS MERE

FOUND-

1. MiSm 1.0 1.1 1.3 6.2 6.3 6.5 ..... WHERE A 'STEP' IS PRESENT
2. N/S/ 1.0 1.1 6.2 1.3 1.1... WHERE A SINGLE OUTLIER IS PRESENT.

NEITHER TYPE OF OUTLIER IS CONSIDERED POSSIBLE OVER A 20 METER SPACING AND SO

BOTH TYPES MERE PRE-EDITED OUT OF THE DATA. OUTLIERS OCCURED VERY INFREQUENTLY,

ABOUT 0 PCT OF THE SROKE TRAILS SHOVED NONE, AND ONLY 3 TRAILS SHOVED MORE

THAN 5 OUTLIERS IN 200 POINT SAMPLES. THESE TRAILS MERE REJECTED. IN THE

CORONAM PROFILES, A TOTAL OF 20 OUTLIERS MERE FOUND IN 1000 TOTAL POINTS AND

WERE EDITED OUT. FOLLOWING THIS PRE-EDITINO THE RUNNING AVERAGE MAS USED TO

PRODUCE EACH FILTERED PROFILE.

FIGURE I SHOWS A SINGLE CORONAN VELOCITY COMPONENT PROFILE BEFORE AND AFTER

FILTERINI. IT ALSO SNOWS THE BALLOON VELOCITY PROFILE DERIVED FROM THE RADAR

TRACK. THE SIMILARITY IETWEEN THE PROFILES IS iTRiKIN. M NIIH-FREIUENCY

CONTENT IS PRESENT IN THE BALLOON PROFILE, BUT IS AIDED DY THE CORONAN DATA ANI

IS THEN PARTIALY REMOVED BY THE FILTER.



FIGURE 2 SNOUS THE DIFFERENCE BEVEEEN RAW AND FILTERED VELOCITIES FOR A SINGLE

COMPONENT I THE ADJACENT-POINT TOTAL SHEARS FOR RAM AND FILTERED PROFILES.

FiURE 3 SNOWS FOURIER AMPLITUDES BEFORE AND AFTER FILTERING FOR (1) A SINGLE

VELOCITY COMPONENT AND (2) FOR AVERAGE AMPLITUDES FOR ALL 10 CORONAM COMPONENTS

(3 LESS X 2 DIRECTIONS)

TABLE I AND FiGURE 4 PRESENTS THE PROBABiLITY OF EXCEEDING A SIVEN SHEAR VS

SHEAR AT 20-25 METER SPACING. THE TUO DATA SETS ARE THE STRATOSPHERIC PORTION

OF THE SMOKE TRAILS AND THE 5 CORONAM LESS.

TABLf 2 AND FIGURE 5 SIMILARLY PRESENTS PROBADILITY OF EXCEEDING A GIVEN RATIO

OF SHEAR/CRITICAL SHEAR VS THIS RATIO.

FIGURE 6 PRESENTS PROBABILITY OF EXCEEDING GIVEN FRACTION OF CRITICAL SHEAR.

THIS WAS GENERATED FOLLOWING THE PROCEDURE DESCRIBED IN REFERENCE 1. THE

PROBABILITY OF EXCEEDING THE CRI'1CAL SHEAR WAS FOUND FOR LAYER THICKNESSES

RAN6IN6 FROM THE CLOSEST SPACING (20-25 METERS) TO INCREASED ALTITUDE

DIFFERENCES UP TO 400 METER LAYER THICKNESS. AS SHOUN IN FIURE 6,

PROBABILITIES OF EXCEEDINS CRITICAL SHEAR AT LAYER THICKNESS OF 100 METERS

RANGE FROM ABOUT 10 PCT IN UNFILTERED CORONAM TRAILS TO ABOUT 2 PERCENT IN

FILTERED SOKE PROFILES.

FIGURE 7 WAS ALSO PREPARED FOLLO- N@ THE PROCEDURE OF REFERENCE 1. THE INTEGRAL

OF PROL) S L 0 L IS A DIFFUSION PARAMETER WITH DIMENSION N2. THIS PARAMETER,

IHEN DIVIDED BY THE ESTIMATED LIFETIME OF A TURBULENT EDDY, (1000-3000 SECONDS)

WAS SHOUN IN REF I TO BE A MEASURE OF THE EFFECTIVE DIFFUSION COEFFICIENT IN

THE STRATOSPHERE. FIGURE 7 PRESENTS A PLOT OF THE CONTRIBUTION TO THE PARAMETER

FROM ALL LAYER THICKNESS UP TO THICKNESS L VS LAYER THICKNESS L. AS CAN BE

SEEN, THE CONTRIBUTION OF THIN LAYERS IS TRIVIALt AID TIE MAJOR CONTRIBUTION is

ONLY FROM LAYER THICKNESSES ABOVE 100 METERS. THE FINAL PARAMETER VALUES AT 400

METER SPACING ARE WITNHIN A FACTOR OF S FOR ALL 4 DATA SETS.

-llii --



DISCUSSION OF RESULTS

THE DIFFERENCES DE79EEN SMOKE AND CORONAM PROBABILITIES ARE SUBSTANTIAL, OUT

NOT NECESSARILY STATISTICALLY SIGNIFICANT.

TO TEST SIGNIFICANCE, THE PROBABILITIES VERE SEPARATELY COMPUTED FOR EACH OF

THE SMOKE PROFILES, UHICH PERMITTED A CALCULATION OF THE STANDARD DEVIATION

AMON$ THE 73 PROFILES FOR EACH PROBABILITY ESTIMATE.

TABLE 3 PRESENTS THE RESULT OF THIS CALCULATION. COLUMN 1 SHOWS LAYER THICKNESS

AND COLUMN 2 THE AVERAGE NUMBER OF POINTS PER TRAIL. THE FOLLOOUING COLUMN

PAIRS SHOU THE AVERAGE PROBABILITY (AMON6 73 TRAILS) OF EXCEEDING A GIVEN RATIO

OF SHEAR/CRIT SHEAR AND THE STANDARD DEVIATION OF THIS AVERAGE. FOR

EXAMPLECONS:IER THE VALUES FOR EXCEEDING A CRITICAL SHEAR OF 1. THE 25 METER

LAYER THICKNESS HAS AN AVERAGE OF 3.99 PCT AND A STDV OF 3.36 PCT. THE 250

METER LAYER THICKNESS HAS AN AVERAGE 0.35 PCT VITH A STDV OF 1.12 PCT. THE

DISTRIBUTION IS GENERALLY POISSON (AVGzSTDV) FOR PROBABILITIES BELOW 10 PC!p

AND STANDARD DEVIATIONS ARE SEVERAL TIMES LARGER THAN AVG FOR PROBABILITIES

BELOU 3 PCT.

THE STANDARD DEVIATION IS A MEASURE OF DAY-TO-DAY VARIABILITY. IT SUGGESTS THAT

THE CORONAH SHEARS, ALTHOUGH HIGHER THAN THE AVERAGE SMOKE PROFILES, ARE WITHIN

THE EXPECTED VARIABILITY OF STRATOSPHERIC TURBULENCE.

THIS VARIABILITY SERIOUSLY AFFECTS THE ESTIMATED DIFFUSION PARAMETER. THIS

PARAMETER IS DOMINATED BY LAYER THICKNESSES ABOVE 100 METERS, WHICH HAVE LOU

PROBABILITIES, BUT IF THE VARIABILITY IS AS NIGH AS SHOUN, INCREASED

PROBABILITIES OF THICK LAYERS MILL NOT BE INFREQUENT.

A TEST MAS MADE OF THE SENSITIVITY OF DIFFUSION PARAMETER p BY TAKING THE 0.8

AND 1.2 CRITICAL-RATIO PROBABILITY VALUES INSTEAD OF THE 1.0 RATIO VALUES. THE

DIFFUSION PARAMETER INCREASED AND DECREASED BY FACTOR OF 3 BY THIS 20 PCT SHIFT

1 DEFINITION OF CRITICALITY, VNICN MILL CERTAINLY OCCUR V1TH THE DAY-TO-DAY

VARIABILITY FOUND.



CONCLUSIONS

1. THE CONTRIBUTION TO THE DIFFUSION COEFFICIENT FRON LAYERS OF LESS THAN 100

NETERS THICKNESS IS NEILIIDLE. EFFORTS TO INCREASE RESOLUTION TO OBTAIN

'BETTER' ESTIMATES OF DIFFUSIVITY ARE THEREFORE NOT UORTHUHILE.

2. NOISE REDUCTION- BY FILTERING-VITh A RUNNING AVERAGE REDUCES HIGH FREQUENCY

AMPLITUDES BY A FACTOR OF 10, FROM ABOUT 3.0 NIS TO 0.3 M/S (PER UNIT

FREQUENCY). THIS FILTER HAS ONLY A SMALL EFFECT ON ACTUAL VELOCITIES, RESULTING

IN AN RNS CHANGE OF ONLY 0.2 M/S. THE FILTER REDUCES THE COMPUTED DIFFUSION

INTEGRAL BY ABOUT 30 PCT.

3. THE DAY-TO-DAY VARIABILITY OF THE PROBABILITY OF EXCEEDI RITICAL SHEAR IS

HIGH RELATIVE TO THE LOU-PROBABILITY LARGE THICKNESSES ICH CONTROL THE

DIFFUSION PARAMETER. IN FACT, THE ENTIRE FILTERING PROCES. .iUCH SMALLER IN

ITS EFFECT THAN THE DAY-TO-DAY VARIABILITY EFFECT. COMBINED WITH THE

UNCERTAINTY OF TURBULENCE LIFETIME, IT WOULD APPEAR THAT ANY DIFFUSION CONSTANT

ESTIMATE VILL HAVE AN UNCERTAINTY OF AN ORDER OF MAGNITUDE.

4. THE CORONAM MEASUREMENTS OF SHEAR PROBABILITY ARE HIGH UITH RESPECT TO THE

AVERAGE OF THE SMOKE TRAIL VALUES, BUT ARE VITHIN THE 93 PCT CONFIDENCE LIMITS.

IN OTHER VORDSv THE CORONAM RESULTS NIHT BE EXPECTED IN 1 DAY EVERY 20.
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Ut 1. PROBASILITY OF XtEEDING DIV SHEAR VS LAYER THICKNESS
PROBABILITY PER 10000 POiNlb

SHEAR M/S/KM= 10 20 30 40 50 60 70 80 90 100 110
LAYER MET PTS PROD

.J-RAU SMOKE TRAILS

25 114 2 7421 3591 1409 198 53? 365 248 141 5? 0 0
50 1139? 7584 3230 1254 641 321 185 115 61 24 0 0
75 1326 7261 2948 1068 484 227 113 50 21 7 0 0

100 11253 7130 2745 947 378 155 62 20 8 3 0 0
125 11180 6884 2472 804 28,' 93 32 13 4 0 0 0
250 10815 5918 1509 362 60 10 0 0 0 0 0 0
375 10450 488,' 931 131 14 0 0 0 0 0 0 0

FILTERE 1 5MOKE TRAILS
5 1472 ,2_ 2?7 .  ' 48.3 2 2, 11 50 21 ,1 0 0

10 11399 /18d 2632 1^00 428 198 91 34 0 3 0 A

7 1 ,326 7058 2637 891 371 165 57 22 7 0 0 0
100 11253 6901 2440 819 313 103 3? 12 5 0 0 0
121 11180 6733 2257 20 239 74 21 8 2 0 0 0
250 10015 5810 1406 347 55 5 0 0 0 0 0 0
35 10450 4933 920 122 11 0 0 0 0 0 0 0

FILTERED CGUONAM TRAL 3
20 35 319 ±487 3876 2052 1026 446 176 21 0 0 0
40 9Q B?0 L229 3635 1750 ?60 271 73 0 0 0 0
60 ?55 3±07 042 3173 1330 565 157 31 0 0 0 0
20 5~Y 840 5674 2642 ?68 368 84 21 0 0 0 0

100 94t J423 7323 2138 741 19O 53 0 0 0 0 0
200 'Y02 4 00 60.9 V Q 0 0 0 0 0 0
300 2 242 123 G 0 0 0 0 0 0 0

A 'ICA, I.L 11 T F L CEL INb GVILN RAIU OF ";iEAR./CRI fCAL SHEAR
VS LAIER TH:C,,N5

hKIRII sh:: .2 .4 .6 .3 1.0 1.2 1.1 1.6 1.8 2.0 2.2
LAYLR ME PTV r,',U

2 1142 8335 49 1 143 .'29 520 37,5 284 1' 5I 96 44
1139 '36t" , 31 1341 .' 50 39 18? 128 82 3- 20

15 11326 '916 40 1639 ,'Y: 411 216 124 64 33 12 ,

100 1 2 '2J 2J3 3 142! 665 316 149 6,7 29 14 j 3
1 5 1113 7635 3 5 u 1298 3, 238 89 J6 13 6 2 0

13815 :3 3 24'2 by2 200 44 6 0 0 0 0 0



1081j Zen~ 4,6, 6y'17 6 v1-~* T" -v v
10450 j128 1,YD J11 60 6 0 0 0 0 0 0

cL :1 -sE RAIL'3
25 ' 4:).', ',19 '31 411 .l6 124 63 32 12 .'

J0 19Y 'b' 9 3Y.2 7; '3d 165 195 1 0 4, 22 7 3

113.1a ",'99 3."6 3 14:6 6.53 3-21 16,6 63 30) 12 4 1)
1 0 11'1 37 " '? ,' Iif' ,42 24 96 42 15 7 1 0

2 11 BO .'b -'!1 3333 1ld/ 4 61 1 Y 71 2 3 I0 0 0
250 10.015 &?.' 6 2,32 6 8 1 8 40 4 0 0 0 0 0

sl 10 4:4 Mt9 . 14 4 3 5 5/ 5 0 0 a 0 0 0

E :LI -,E 0 R 03 Al TRA I LS
20 965 9119 /1 1 5073 3109 1?2' 1067 '36O 2'9 93 41 0
40 9.0 8990 6396 4 8'23 2927 1656 750 354 1,? 63 10 0
60 955 8942 68 1,' 4 V6 2440 1267 545 241 105 31 0 0

80 501,.374/ 6526 4137 20300 832 337 189 53 11 0 0
100 94,1 7i t3370 5,7? 1714 ,614 296 138 11 0 0 0

200 ' !Yt ."13 23 533 163 22 0 0 0
30 dYi '74 385'. 100 156 2 0 0 0 0 0 0



t- C

0-

w -i

soI. I-, r. c -

r"] C>VI

:

P, .- Cl

CL

w4 . CO V) qr C.

.,j~ W- A V W -,-I

wL Li '0 C Mo~ '3 V .~ t) 0 f-,3 .

to p-O -qP

CZM) '

X.L C2 
l .

U. Wi I- .01#, p I o
0-- C' > w P

U-~

C~ ~ r. 0l Ur PI0

cca 1- -IVF'.g

cm &MfL lC- , .



Amw

Ca*I
a.c.J .

'a. - I

CauJi
r.
61J A

Zuj. I
- I..I.

o ti
- -- l

am

- E

~ *~,~\I~' ~ 4 ~kj'4 ~ ~ " 1
Li

"i a U~

ac U

... , "

Li 0us 0-4h
L" LS 4



- I6

FI3URE 3 CORCNAM AMPLITUDE VS SPATIAL FRE~uENCY
(LOG SCALES)

...... C"kE1 -TRAZL AM~P RAY A,'4 F.L'EREZ ;Y 3-PT RL;og,'
ALL-TRAIL AVG AMP RAW AND F!LTERED BY 3-PT RUNA)
3 -TRAIL AMP RA6 AND F.LTERED BY LIfl'N'3 !0P,.. 'AW

4 PLL-TRA:L AVG AMP RAW AND FILTERED Py LIMITING TO ?C':R LAW
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